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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The carbon system coat characterized by making a kind of atom chosen from helium, Ne, Ar, Kr, and Xe 
contain in a coat at least. 

[Claim 2] The carbon system coat according to claim 1 characterized by at least said a kind of atomic content 
concentration in said carbon system coat being 5-300 ppm. 

[Claim 3] The carbon system coat according to claim 2 characterized by said carbon system coat being an 
amorphous carbon system coat. 

[Claim 4] The carbon system coat according to claim 3 characterized by including a crystalline region in said some 
of carbon system coats [ at least ]. 

[Claim 5] The carbon system coat according to claim 1 to 4 characterized by a kind of atom chosen as said carbon 
system coat from Si, N, Ta, germanium, Cr, F, B, Ti, W, Mo, Ru, and o containing at least. 

[Claim 6] The carbon system coat according to claim 1 to 5 characterized by forming the interlayer between said 
carbon system coats and bases. 

[Claim 7] The carbon system coat according to claim 1 to 6 characterized by said interlayer being at least one or 
such mixture of Si, Ti, Zr, germanium, Ru, Mo, and W, these simple substances or the oxide of mixture, a nitride, or 
carbide. 

[Claim 8] The carbon system coat according to claim 1 to 7 characterized by mixing at least one kind of atom in 
said interlayer among the carbon system coat atoms formed on an interlayer, and the atom having increased in 
number toward said coat side from said base side. 

[Claim 9] The carbon system coat according to claim 1 to 9 characterized by the interlayer film being amorphous. 
[Claim 10] The carbon system coat according to claim 1 to 9 characterized by the hydrogen concentration 
contained in the interlayer film being 30% or less. 

[Claim 11] The formation approach of the carbon system coat characterized by maintaining the temperature of the 
base at the time of said coat membrane formation at 100 degrees C or less in the formation approach of the carbon 
system coat which forms a carbon system coat on a base by the plasma-CVD method using at least a kind of rare 
gas chosen from helium, Ne, Ar, Kr, and Xe, and hydrocarbon gas. 

[Claim 12] The formation approach of the carbon system coat according to claim 1 1 characterized by impressing a 
negative electrical potential difference to said base. 

[Claim 13] The formation approach of claim 11 characterized by impressing a negative electrical potential difference 
to a base at a base at the time of said interlayer's formation in case an interlayer is formed between said carbon 
system coats and said bases, or a carbon system coat according to claim 12. 

[Claim 14] The formation approach of the carbon system coat according to claim 1 1 to 1 3 characterized by forming 
said interlayer of the spatter. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the carbon system coat formed for example , on a base , and its formation approach , 
especially , this invention begin the surface treatment of an electric shaver cutting edge , the components for 
compressors , the mask for printing ( screen ) , and the squeegee for printing , a thin film head , the protective coat 
of a surface acoustic element t and an insulator layer , and relate to the formation approach of carbon system coat 
**** which it can be broad and can be applied to the machine which need abrasion resistance and corrosion 
resistance , chemistry , and an electronic member . 
[0002] 

[Description of the Prior Art] Since the carbon system coat is excellent in a mechanical property, chemical stability, 
etc., it attracts the great expectation as a coating ingredient etc. By incorporating hydrogen in the coat, the 
mechanical property of a carbon system coat, chemical stability, etc. may be raised. 

[0003] Generally, although control of a film property is possible, if the hydrogen concentration in the film becomes 
high, the internal stress of a carbon system coat is reduced and is excellent in changing the hydrogen concentration 
in the film in a carbon system coat in respect of the adhesion of a base and a carbon system coat. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in order that the hydrogen atom in ** et al. and the film might 
carry out termination of the joint hand of a carbon atom by combining with a carbon atom, it checked formation of 
association between the carbon atoms in the film, and had the problem that mechanical properties, such as a film 
degree of hardness and abrasion resistance, fell. 

[0005] On the other hand, this invention persons found out that film properties (internal stress, a degree of 
hardness, abrasion resistance, etc.) improved by making a carbon system coat contain rare-gas atoms (helium, Ne, 
Ar, Kr, Xe, etc.). 

[0006] Moreover, although it was known that adhesion will improve by forming an interlayer between a base and a 
carbon system coat on the occasion of formation of a carbon system coat, it found out that adhesion improved 
further by specifying an interlayer s ingredient, formation approach, etc, further. 
[0007] 

[Means for Solving the Problem] The carbon system coat of this invention is characterized by making a kind of atom 
chosen from helium, Ne, Ar, Kr, and Xe contain in a coat at least. 

[0008] It is characterized by at least said a kind of atomic content concentration in said carbon system coat being 
5-300 ppm. 

[0009] It is characterized by said carbon system coat being an amorphous carbon system coat. 

[0010] It is characterized by including a crystalline region in said some of carbon system coats [ at least ]. 

[0011] It is characterized by a kind of atom chosen as said carbon system coat from Si, N, Ta, germanium, Cr, F, B, 

Ti, W, Mo, Ru, and o containing at least. 

[0012] It is characterized by forming the interlayer between said carbon system coats and bases. 

[0013] It is characterized by said interlayer being at least one or such mixture of Si, Ti, Zr, germanium, Ru, Mo, and 

W, these simple substances or the oxide of mixture, a nitride, or carbide. 

[0014] At least one kind of atom is mixed in said interlayer among the carbon system coat atoms formed on an 
interlayer, and it is characterized by the atom having increased in number toward said coat side from said base side. 

[0015] It is characterized by the interlayer film being amorphous. 

[0016] It is characterized by the hydrogen concentration contained in the interlayer film being 30% or less. 
[0017] Moreover, in the formation approach of the carbon system coat which forms a carbon system coat on a base 
by the plasma-CVD method using at least a kind of rare gas chosen from helium, Ne, Ar, Kr, and Xe, and 
hydrocarbon gas, it is characterized by maintaining the temperature of the base at the time of said coat membrane 
formation at 100 degrees C or less. 

[0018] It is characterized by impressing a negative electrical potential difference to said base. 

[0019] In case an interlayer is formed between said carbon system coats and said bases, it is characterized by 

impressing a negative electrical potential difference to a base at a base at the time of said interlayer' s formation. 

[0020] It is characterized by forming said interlayer of the spatter. 

[0021] 
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[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained according to drawing 
1 thru/or drawing 5 . 

[0022] Drawing 1 is the outline block diagram of the manufacturing installation which forms the carbon system coat 
of this invention. As shown in this drawing, a plasma generating room (4) and the reaction chamber (13) in which a 
base (8) should be installed are formed in the interior of a vacuum chamber (7), and the microwave generator (1) is 
connected to the plasma generating room (4) through the waveguide (2). 

[0023] A microwave installation aperture (3) is prepared in the connection of said waveguide (2) and a plasma 
generating room (4), and gas installation tubing (5) for introducing rare gas, such as Ar gas, into a plasma generating 
room (4) is connected to the plasma generating room (4). 

[0024] Moreover, while surrounding a plasma generating room (4), forming a plasma field generator (6) and installing 
a base holder (9) in the reaction chamber (13) in a vacuum chamber (7), gas installation tubing (11) for introducing 
the ingredient gas (reactant gas) which consists of hydrocarbon system gas, such as CH4 gas, is connected. 
Moreover, an RF generator (10) is connected to a base holder (9), and the base temperature control means (12) is 
established further. 

[0025] Mixing of the rare-gas atom to the inside of a carbon system coat is performed in the film formation process 
in the plasma-CVD method which used for example, hydrocarbon system gas for the ingredient by mixing rare gas in 
ingredient gas and supplying a reaction chamber (13) from gas installation tubing (11). At this time, it is possible by 
being able to enlarge content concentration of the rare-gas atom in the film, and controlling the base temperature 
at the time of formation of a carbon system coat to control better the concentration in the film of that rare-gas 
atom by enlarging the amount of mixing of the rare gas mix to ingredient gas so that it may explain in full detail later. 

[0026] That is, by maintaining base temperature low, concentration in the film of a rare-gas atom can be enlarged, 
and concentration in the film of a rare-gas atom can be made small by on the other hand maintaining base 
temperature highly. 

[0027] Hereafter, an example 1 thru/or an example 5 are explained using the above-mentioned equipment. 
<an example 1 [formation of the hydrogenation amorphous carbon system coat containing a rare-gas atom]> 
first, a base (8) is attached on a base holder (9), and the interior of a vacuum chamber (7) is exhausted to 10-5 - 
10-7Torr. Next, while supplying Ar gas from gas installation tubing (5), the microwave of 2.45GHz and 100W is 
supplied from a microwave generator (1), and the plasma formed in the plasma generating room (4) is emitted to a 
base (8) front face. 

[0028] An operation of the plasma will be activated, and Ar gas which supplied CH4 gas by the constant rate of 
100sccm(s) from gas installation tubing (11), and was supplied from the gas installation tubing (11) will be in reactant 
high ion or a neutral active state, and is emitted to the front face of a base (8). 

[0029] Moreover, a frequency switches on the high-frequency power which is 13.56MHz from an RF generator (10) 
so that the auto-bias electrical potential difference generated in a base at this and coincidence may be set to -50V. 

[0030] Furthermore, it controls by the base temperature control means (12) to keep the temperature of a base at 
100 degrees C or less. The base temperature of controlling to keep base temperature at 100 degrees C or less is 
because the amount of mixing of enough Ar atoms to the inside of the Film is not obtained above 100 degrees: C. 
[0031] According to the above process, the hydrogenation amorphous carbon system coat of about 4000A of 
thickness was obtained on Si base. 

[0032] Next, drawing 2 is drawing showing the relation between Ar quantity of gas flow in the case of forming a 

carbon system coat according to the aforementioned process, and Ar atom concentration in the film. 

[0033] In addition, Ar atom concentration in the film can be measured according to the secondary-ion-mass- 

spectrometry mass spectrometry (SIMS: how to be performing mass analysis of secondary ion by which a spatter be 

carried out from a front face in a primary ion while performing exposure and etching to a sample, and measure 

concentration distribution) proofread by the correlation sample which have the known rare-gas atom concentration 

produced by the ion implantation of the rare-gas atom ion to the inside of a carbon system coat etc. 

[0034] From drawing 2 , in case Ar gas is introduced from gas installation tubing (11), the flow rate of the Ar gas 

shows that control of Ar atom concentration in a carbon system coat is possible. 

[0035] In addition, in this example, H (hydrogen) is contained as a decomposition product of CH4 gas as an addition 
atom. 

[0036] On the other hand, drawi ng 3 is drawing showing Ar atom concentration in the carbon system coat in the 
case of forming a carbon system coat according to the process shown above, the degree of hardness of a carbon 
system coat, and the relation of stress. In drawing 3 , as an addition atom, although 20% of the weight of H was 
contained as a decomposition product of CH4 gas, when 10 - 30% of the weight of H was contained as a 
decomposition product of CH4 gas, the same inclination as drawing 3 has been checked. 

[0037] Moreover, acquiring the same effectiveness as H has checked by experiment as an addition atom by adopting 
[Si, N, Ta, germanium, Cr, F, B, Ti, W, Mo, Ru, or the o] besides H. 

[0038] With the increment in Ar atom concentration in a carbon system coat, the degree of hardness of a carbon 
system coat can make it increase about 18%, and, moreover, said dr awin g 3 shows that the increment in the internal 
stress of the carbon system coat can be controlled to 8% or less. 

[0039] Furthermore, drawing 4 is drawing showing the relation between Ar atom concentration in the carbon system 
coat of this example, and the wear depth by sliding trial (it slides on a film front face with the alumina balls to which 
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the 500g load was applied). In this drawing, the result of having normalized the wear depth in case Ar atom 
concentration in a carbon system coat is 0 ppm as 1.0 is expressed. 

[0040] The wear depth has small Ar atom concentration in a carbon system coat at 5-300 ppm, namely, this drawing 
shows that abrasion resistance becomes good. However, it turned out that a carbon system coat exfoliates [ Ar 
atom concentration ] from a base by sliding in 300 ppm or more. Therefore, the thing with desirable still more 
desirable Ar atom content concentration in a carbon system coat being 5-300 ppm judged it as 10-100 ppm. 
The equipment of <example 2> [mixing of rare-gas element by ion implantation after formation of carbon system 
coat coat which has crystallinity] aforementioned drawing 1 is used. The carbon system coat which has the 
crystallinity of about 2000A of thickness by setting CH4 to 1sccm as reactant gas, setting H2 gas to 100sccm(s) 
instead of Ar gas as rare gas, and making base temperature at the time of coat formation into 500 degrees C is first 
formed on a base (8). 

[0041] In addition, "a kind of addition [ at least ] atom chosen from Si, N, Ta, germanium, Cr, F, B, Ti, W, Mo, Ru, and 
O" which was described above is not made to contain with the gestalt of this operation. 

[0042] Next, a carbon system coat is installed in the base holder in vacuum devices in order to inject Kr ion into a 
coat with the acceleration voltage of 200kV with ion implantation equipment. 

[0043] In addition, Kr atom is made to mix into the film by water cooling of the base holder being carried out so that 
100 degrees C or less may be maintained, and generating Kr ion by introducing Kr gas into the ion source, and 
pouring in Kr ion from a carbon system coat front face with the acceleration voltage of 200kV. Moreover, it fixed to 
1x1011 atoms/cm2 and s, and the ion injection rate changed ion-implantation time amount, and controlled Kr atom 
concentration mixed near the carbon coat front face (from a front face to a depth of less than 1 micrometer). 
[0044] Dra wing 5 is drawing showing the relation between Kr atom concentration near the front face of the carbon 
system coat concerning this example, and the wear depth by sliding trial (it slides on a film front face with the 
alumina balls to which the 1000g load was applied). This drawing expresses the result of having normalized the wear 
depth in case Kr atom concentration near the front face of a carbon system coat is 0 ppm as 1.0. 
[0045] The wear depth has small Kr atom concentration in a carbon system coat at 4-500 ppm, namely, this drawing 
shows that abrasion resistance becomes good. Therefore, the thing with desirable still more desirable Kr gas content 
concentration in a carbon system coat being 4-500 ppm judged it as 10-300 ppm. 

[0046] Although the practical lower limit of Kr concentration in the film is 4 ppm in said drawing 5 like the above- 
mentioned, the wear depth is large when Ar concentration in the film is 4 ppm in drawing 4 (Ar concentration in the 
film is [ 5 ppm ] a minimum like the above-mentioned). For this reason, the minimum of the rare-gas atom 
concentration in the film judged it as 5 ppm. 

[0047] Moreover, although the practical upper limit of Kr concentration in the film is 500 ppm in said drawin g 5 like 
the above-mentioned, if Ar concentration in the film is 4 ppm in drawing 4 , exfoliation will occur (Ar concentration 
in the film is [ 300 ppm ] an upper limit like the above-mentioned). For this reason, the upper limit of the rare-gas 
atom concentration in the film was judged to be 300 ppm. 

[0048] As mentioned above, the rare-gas atom concentration in the film was concluded when 5 ppm - 300 ppm 
were good. 

[0049] In addition, it is checking by experiment that the effectiveness that helium, Ne, Ar, Kr, or Xe is the same as a 
class of rare-gas atom contained in a carbon system coat is acquired. 

[0050] Although the carbon system coat of this invention has realized a degree of hardness and wear-resistant 
improvement by making rare-gas atoms, such as Ar, contain in a carbon coat, the internal stress of a coat increases 
in connection with it, and it may cause the fall of adhesion. Then, it turned out that it is effective in improvement in 
adhesion to form an interlayer between a base and a carbon system coat as a glue line further. 
[0051] Hereafter, the example in which this interlayer was formed is explained in full detail. 

<example 3> [ — the interlayer top of Si thin film formed by the spatter on the SUS base — a carbon system coat - 
- formation] — first By connecting an RF generator to Si target which carries out abbreviation 1x10-3Torr 
installation of the Ar gas, is made to counter with an SUS base (8), and is installed in the chamber and which is not 
illustrated, and impressing high-frequency power to it The spatter of the Si target was carried out and Si interlayer 
of about 300A of thickness was formed on the SUS base (8). Although high-frequency power was impressed and 
bias voltage was impressed to the base (8) from RF generator 10 at this time, the bias voltage which carries out a 
seal of approval was changed into -20V, -50V, and -100V, and a total of four kinds of samples were created. 
[0052] Then, while supplying Ar gas by the constant rate of 200sccm(s) from gas installation tubing (5) and supplying 
CH4 gas from gas installation tubing (11) by the constant rate of 100sccm(s) to each sample, the microwave of 
2.45GHz and 100W is supplied from a microwave generator (1), and the plasma formed in the plasma generating 
room (4) is emitted to a base (8) front face. 

[0053] And a frequency switches on the high-frequency power which is 13.56MHz from an RF generator (10) so that 
the auto-bias electrical potential difference generated in a base (8) at this and coincidence may be set to -50V. 
Furthermore, it controls by the base temperature control means (12) to keep base temperature at 100 degrees C or 
less. 

[0054] According to the above process, the carbon system coat of about 4000A of thickness was formed. At this 
time, the carbon system coat of film degree-of-hardness abbreviation 3500Hv was obtained. The internal stress of 
the coat at this time was about 7 GPa(s). 

[0055] To these samples, the Vickers indenter was pushed in by 2kg of loads, and adhesion was evaluated from the 
membranous number of exfoliations (the number of evaluations: what has an interlayer nothing as 50 and an example 
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of a comparison was evaluated). 



0056] 








[Table 1] 










-20V 


-50V 


-100V 


*«*(») I 50/50 | 20/50 


10/50 


3/50 
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[0057] In the table, although all the things that did not prepare the middle class had exfoliated, the number of 
exfoliations was about ten pieces, and it was the sufficiently practical level which set bias voltage to -20V. It was 
judged that the bias voltage which is less than 0V like -20V from this result, i.e., negative bias voltage, was effective. 

[0058] This table shows that adhesion improves more by impressing negative bias voltage, while it can form on an 
SUS base by interlayer formation, even if it is this carbon system coat with high internal stress. 
[0059] furthermore, these Si interlayers — SIMS analysis — film Nakamizu — base — when concentration was 
measured, it checked that it was 1% or less. Moreover, when X-ray diffraction analysis estimated the crystallintty, 
the amorphous thing has also been checked by it. 

<example 4> [ — the interlayer top of Si thin Film on the glass base formed by the plasma-GVD method — a carbon 
system coat — formation] — the interlayer of amorphous Si thin film was first formed on the glass base (8) by the 
plasma-GVD method (they are decomposition and deposition at the RF glow plasma about SiH4 gas). While 
impressing the electrical potential difference of -50V to the base holder at this time, a total of three kinds of 
samples from which the hydrogen concentration in Si thin film becomes about 25%, about 30%, and about 35%, 
respectively was created by controlling high-frequency power or base temperature. 

[0060] Furthermore, the carbon system coat of about 4000A of thickness was formed on an interlayers Si thin film 
like the above to each of this sample. And about these samples, the Vickers indenter was pushed in by 1kg of loads, 
and adhesion was evaluated from the membranous number of exfoliations (the number of evaluations: 50). 
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[0062] In the table, the number of exfoliations was about ten pieces, and that whose hydrogen concentration in the 
middle class is about 30% was sufficiently practical level. From this table, it turned out that adhesion falls and it was 
judged as hydrogen concentration in a useful interlayer that it was 25% or less preferably 30% or less, so that the 
hydrogen concentration in the film became high. 

<example 5> [ — the middle class top of Ti thin film formed on Fe system alloy base — a carbon system coat — 
formation] — first — the inside of a chamber — Ar gas — about — an RF generator is connected to Ti target 
which carries out 1x10-3Torr installation, is made to counter with Fe alloy base (8), and is installed and which is not 
illustrated, and high-frequency power 400W are impressed to it. 

[0063] And where the flow rate of Ar gas is held uniformly, it introduces so that CH4 gas may be gradually increased 
from the condition of a flow rate 0 (increment to [ Partial pressure of gas about / 0 - ] 1x10-3Torr (partial 
pressure) : for 5 minutes). Moreover, high-frequency power is impressed to a substrate from an RF generator, and 
the time of membrane formation initiation to the time of membrane formation termination impresses the bias voltage 
of -50V. In addition, membrane formation time amount is for about 5 minutes. In this way, the interlayer of Ti coat of 
about 500A of thickness was formed on Fe alloy base. 

[0064] In this way, it checked that carbon concentration was changing the formed interlayer from the front face to 
about 0% from about 15% in the direction of thickness toward a base side as a result of measuring the carbon 
concentration distribution in an interlayer using SIMS analysis. 

[0065] Then, the carbon system coat of about 4000A of thickness was formed on the middle class, and the load of 
the Vickers indenter was changed with 200g - 2kg, and was evaluated about the existence of exfoliation of the film 
(comparison sample: what has the nothing middle class, the thing toward which carbon concentration does not 
incline in the middle class, and O show exfoliation nothing, and x shows exfoliation). 



0066] 
[Table 3] 
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[0067] Although it turned out that what has the interlayer of Ti thin film from this table has sufficient adhesion, that 

toward which especially carbon concentration inclines has checked that adhesion was more high. 

[0068] In addition, in each above-mentioned example, the negative bias voltage impressed to a base at the time of 

membrane formation can acquire the same effectiveness also with direct current voltage. 

[0069] 

[Effect of the Invention] In order that formation of association between the carbon atoms in the important film may 
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not be checked in a degree of hardness and abrasion resistance in order not to combine a rare-gas atom with the 

carbon atom in the film by making a rare-gas atom mix into a carbon system coat if it depends on this invention so 

that clearly from the above explanation, and the rare-gas atom in the film may check migration of the carbon atom 

in the film, the effectiveness that a degree of hardness and abrasion resistance rise is done so. 

[0070] And since a rare-gas atom has low reactivity, a carbon system thin film is mechanical and electric. Since it 

does not combine with atoms, such as Si, N, Ta, germanium, Gr and F which are added in the film in order to control 

a chemical and optical property, B, O, and Ti, W, Mo, Ru, The effectiveness of the rare-gas atom content in this 

invention is acquired similarly, without checking the effectiveness (a degree of hardness, wear-resistant 

improvement) invited by addition of this atom also to the carbon system coat which added this atom. 

[0071] Moreover, sufficient adhesion over the base of a carbon system coat is acquired by forming an interlayer 

between a base and a carbon system coat. 

[0072] Furthermore, moreover, the increment in the internal stress of the carbon system coat can be controlled low, 
the rare-gas atom concentration contained in a carbon system coat increasing, and raising the degree of hardness 
of a carbon system coat by maintaining the temperature of the base at the time of membrane formation at 100 
degrees C or less. 



[Translation done.] 



http://www4JpdlJnpit.gojp/cgi-bin/tran_web_cgLejje 



2007/08/22 



JP,2000-080473,A [DESCRIPTION OF DRAWINGS] 



1/1 V 



* NOTICES * 



JPO and I NP IT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is the outline block diagram of the equipment for forming the carbon system coat concerning this 
invention. 

[Drawing 2] It is drawing showing the relation between Ar flow rate in the case of forming the carbon system coat 
concerning this invention, and Ar concentration in a carbon system coat. 

[Drawing 3] It is drawing showing the relation of the Ar concentration in a coat in the case of forming the carbon 
system coat concerning this invention, a degree of hardness, and stress. 

[Drawing 4] It is drawing showing the relation between Ar concentration in the carbon system coat concerning this 
invention, and the wear depth by sliding trial (it slides on a film front face with the alumina balls to which the 500g 
load was applied). 

[Drawing 5] It is drawing showing the relation between Kr concentration in the carbon system coat concerning this 
invention, and the wear depth by sliding trial (it slides on a film front face with the alumina balls to which the 1000g 
load was applied). 
[Description of Notations] 

1 Microwave Generator 

2 Waveguide 

3 Microwave Installation Aperture 

4 Plasma Generating Room 

5 Gas Installation Tubing 

6 Plasma Field Generator 

7 Vacuum Chamber 

8 Base 

9 Base Holder 

10 RF Generator 

11 Gas Installation Tubing 

12 Base Temperature Control Means 

13 Reaction Chamber 
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